Abstract-This paper presents the instability problem of a broadcast control framework for multi-agent systems in executing certain motion coordination tasks. First, response of unstable solution using a standard broadcast control framework is demonstrated by choosing one motion coordination task as an example of the unstable case. In order to solve the problem, the standard broadcast control framework has been modified, where deterministic movements of the agents are limited to a certain value. Finally, the chosen motion coordination task has been simulated back using the modified broadcast control framework and numerical simulation illustrated the effectiveness of the modified broadcast control framework in handling the instability case.
INTRODUCTION
Multi-agent system is a system which refers to a group of interacting intelligent agents to perform assigned task together for example meeting at the same point, looking for optimal coverage, form a geometric pattern, and so on. Instead of using an individual system, this multi-agent system can execute assigned tasks in a more effective and efficient way. In order to execute the tasks, the agents need to communicate with each other so that their objectives i.e. their tasks can be accomplished. In the past decades, researchers were focusing on one-to-one agents' communication which means that all the agents are communicating into each other. Recently, researchers have considered on one-to-all agents' communication or known as broadcast control framework, where the agents only need to obtain a command to execute the assigned task as shown in Fig. 1 . This consideration has been driven by the advantages of the broadcast control framework in saving more energy, controlling a large number of agents, and only needing one same command input to execute the tasks. The idea of the broadcast control framework has been inspired by biological system [1] , whereby an approach to control an actuator system consists of many cellular units. Then, the idea has been implemented into multi-agent systems where several works had been reported in [2] [3] [4] [5] [6] . One of the broadcast control framework approaches in multiagent system is a feedback system that consists of local controllers embedded in the agents and a global controller to solve various motion coordination tasks as illustrated in Fig.  2 . This approach was proposed by [5] and detailed proof can be found in [6] . The interesting solution in the approach was that, the local controllers embedded in the agents would steer the agents randomly and deterministically based on the command from the global controller which broadcasted the achievement degree of the task. On the other hand, several issues have been raised for the standard broadcast control framework. In [7] , the objectives were to obtain fast convergence and to easily tune the gain, [8] had considered quantized effect caused by digital camera, and [9] had raised issues of limited communication range. In the study, a solution was proposed where one-to-one and one-to-all communication frameworks were combined. However, for the issues above, the results were only validated with coverage [5, 6] and consensus [7] [8] [9] tasks, and it is not clear whether the standard broadcast control frameworks can solve other motion-coordination tasks such as role-assignment task. [6] In this study, we have identified that the standard broadcast control framework in [6] only works for certain multi-agent coordination tasks ) (x J . This is because in some coordination tasks, the standard broadcast control framework cannot obtain the solution of
and yield an instability phenomenon. In order to illustrate the reason of this instability case, consider a dynamic of the agents for the framework given by 
 which moves the agents randomly at k is even, and moves the agents deterministically at k is odd, is described as
is generated input from the global controller, and )) (
is the update vector of the deterministic movement. For certain motion coordination tasks ) (x J for example role-assignment task, the update vector of the deterministic movement ))
often becomes too large which causes numerical instability to the system. Therefore, it is reasonable to limit the quantity of the update vector )) ( , ,
In order to limit the quantity of the update vector )) (
, we adopt the idea from [10] in our broadcast control framework. In particular, the saturation function is introduced to limit the quantity of the update vector and the modified ))
where  is a saturation function. Based on the practicality of the method in [10] to solve various model-free optimization problems [10] [11] [12] , we believe that the same idea can be applied to solve instability problem in the standard broadcast control framework. Moreover, it is expected that this modified broadcast control framework can solve a large class of motion coordination tasks.
Z be the set of real numbers, set of positive real numbers, set of integers, and set of nonnegative integers respectively. For the vector x , x is define as the Euclidean norm. Next, we use
to denote a non-zero value or elementwise inverse of the element. Finally, we denote ) (a  as probability of event a .
II. STANDARD BROADCAST CONTROL FRAMEWORK [6] In this section, we will briefly explain about the standard broadcast control framework described in section I and illustrate the example of instability response of the framework.
First, consider the standard broadcast control framework in Fig. 2 which composed of N agents, local controllers, and a global controller and the problem to consider is
where nN x R  is the position of the agents to be optimized for every initial group position
A. Local Controller
The local controllers ) ,..., ,
of the standard broadcast control framework are given by 
B. Global Controller
The global controller is to compute an objective function which corresponds to the motion coordination task. The objective function we choose to illustrate the unstable response of the broadcast control framework is roleassignment task given by we can obtain the response as shown in Fig. 3 . From the figure, we can see that )) ( ( k x J does not converge to the minimum value and this shows that the standard broadcast control framework is not able to carry out the roleassignment task given in (5) . This problem has motivated us to consider a modified version of the standard broadcast control framework. In order to avoid the instability, we limit the update vector of the deterministic movement )) (
some value where the gain ) (k a is redesigned into a new gain ) ( k a so that we can obtain the solution in (2) under the following conditions:
Note that the modification will only be done in the local controller part. The other parts i.e. the global controller and the dynamics of the agents are still the same as the standard broadcast control framework. For the modification, consider the following input of the agents' position as an alternative to (3):
where
is the new gain and
which is the output when the agents have not performed any movement yet and )) (
is the output after the agents performed random movement. Now, we will provide several steps on how this modified broadcast control framework can be implemented based on (1) and (5)- (8) 
, the agents can perform deterministic movement as described in (6) where k is even and the value of the gain ) ( k a can be obtained from (8).
6. The steps 2-5 are repeated until they achieve their target in (2).
IV. NUMERICAL SIMULATION
Consider the dynamic of the agents (1) and the modified broadcast control framework (5)- (8) . Then, the performance index )) ( ( k x J is illustrated in Fig. 6 . From Fig.  6 , we can see that the value of )) ( ( k x J has converged towards the minimum value which shows that the modified broadcast controller can handle the unstable case. This paper has addressed the modified broadcast control framework for multi-agent systems to avoid unstable solutions faced by the standard broadcast control framework. By focusing on the local controller, the deterministic movements of the agents have been limited, where the reason behind the instability is caused by large update value of the deterministic movement. Finally, the modified broadcast control framework has been simulated to show the performance of the framework where it is shown that the framework is more practical compare to the standard one.
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